Introduction
Despite a steady decline in the prevalence of illicit drugs other than marijuana among research used "typical/average student" as a reference group which lacks psychological reality for the respondents since they have in mind a group of real people, their close friends [Prentice and Miller 1993] , which are more predictive of individual behavior [Perkins 2014] . In this paper we use a large nationally representative sample of U.S middle and high school adolescents and include information on the actual peers (nominated friends) who were directly asked about their substance use. Our data is from the school social networks of friends in the National
Longitudinal Survey of Adolescent to Adult Health (Add Health). From it, we estimate the effect of misperception about the rates of friends' substance use on own use by adolescents in grades 7-
12.
We utilize "any use" as the measure of perceived and actual substance use. This helps alleviate possible social desirability bias due to stigma and recall biases in the self-reports of substance use, which are less likely to be a concern when focusing on the extensive rather than The richness of information and the panel design of the Add Health data allow us to address endogeneity concerns and also account for relevant confounding factors by using lagged and fixed effects estimation controlling for school and neighborhood environment, family background characteristics, peer selection and actual peer norms. Most of the previous studies only included perception of peer substance use and did not control for the actual peer norm [Perkins 2014 ]; however, both actual and perceived behaviors of peers are independently correlated with individual's behavior [Perkins 2014; Juvonen et al. 2007] . The previous empirical studies, which included both actual and perceived norms, were limited to small and non-representative samples focusing mainly on college students, and only contained correlational analysis. Our study attempts to identify the independent effects of actual and perceived norms in a large nationally representative sample.
Finally, our study is the first to consider economic equilibrium framework of conformity to social norms developed by Cooter et al. [2008] . 1 Our empirical analysis, which is directly based on this framework, employs a continuous misperception measure that allows precise estimation of the effects for the full range of biases, including underestimation to overestimation of the norm.
We find that overestimation of friend's substance use-alcohol, cigarettes, or marijuanasignificantly increases adolescent's own use approximately one year later; and the estimated effect is robust across specifications including individual-level fixed effects regression. The effect size is larger for males than for females (although not always statistically significantly).
Uniquely, we also find the effect to be strong among those who underestimate the norm, which suggests a possible rebound/boomerang effect which we show has important policy implications. days did you drink alcohol?" with possible responses 1) "every day or almost every day", 2) "3 to 5 days a week", 3) "1 or 2 days a week", 4) "2 or 3 days a month", 5) "once a month or less (3-12 times in the past 12 months)", 6) "1 or 2 days in the past 12 months" and 7) "never". The with possible responses ranging between 0 to 900 times; it was coded as 1 for any nonzero response.
Empirical method.

Measures
2 Computer-assisted personal interviewing of Add Health was used to ensure confidentiality of responses and reduce reporting bias. 3 The substance use variables were chosen to correspond to the questions about perceived substance use of friends, which ask how many friends use a given substance at least once a month. We have conducted robustness check by including response category (5) for alcohol question and the results remained unchanged. We note that there remains a slight inconsistency between the alcohol questions asking about actual drinking (more than once a month) and perceived friends' drinking (at least once a month).
Misperception measures
We created three misperception variables (scores) for each substance in Wave 1 as a difference between the perceived and the actual proportions of friend users. In Wave 1, the respondents were asked: "Of your 3 best friends, how many drink alcohol at least once a month?", "Of your 3 best friends, how many smoke at least 1 cigarette a day?" and " 
Sample
The sample for this study is drawn from wave 2 (1996) respondents (N=14,738). We link the data on the nominated friends to each respondent. The average number of nominated friends per individual was 2.54 and the data was only available for the nominated friends who are in the same school as the respondent, which is approximately 85% of all friendship nominations. After restricting to individuals who were 20 years old or younger in wave 2 (18 years old or younger in wave 1), who nominated at least one friend, had non-missing observations on all the variables and had non-missing values on wave 2 sample weight, our sample reduced to 4,557 respondents. 5 The sample used for fixed effects regressions is further restricted to non-missing observations on misperception variables in wave 2.
5 Add Health utilizes a multistage clustered sample design with observations having unequal probability of selection and requires the use of sampling weights in order to make the estimates nationally representative (Chen 2014).
Moreover, note that we are using nominated friendships from both waves 1 and 2 to estimate the fixed effects model. The respondents were asked to nominate up to 5 male and up to 5 female friends in both waves. In this way our fixed effects model uses measures of perception and actual behavior of friends nominated in waves 1 and 2. Thus, our fixed effect measures refer to current peers and to the extent that peer groups change from wave 1 to wave 2, our individuallevel fixed effects regression reflects both the change in old peer's behavior (and perception of it) and the change in peer group composition. 6 Table 1 has summary statistics for the sample and all variables, which we will discuss further in the results section.
Empirical models
We estimate a linear probability model for substance use by individual i in school s observed in wave t:
where is the substance use indicator from Wave 2, −1 is the substance use misperception score measured in Wave 1, −1 is the vector of individual demographic and family characteristics measured in Wave 1, and is the error term. We control for unobserved environmental influences by including school fixed-effects, . For example, adolescents who are in neighborhoods with high density of alcohol and tobacco outlets may have both elevated misperception of peer drinking rates and higher level of own use of those substances. We also control for the average actual substance use among close friends, −1 , in order to allow it to have an independent effect on individual substance use, and because perceived and actual peer substance use may be correlated. The theoretical model outlined in the online appendix implies that the effect of the misperception score on individual substance use, 1 , is positive regardless of the sign of misperception: misperception score is positive in case of overestimation of the norm, and higher score will lead to more substance use; the misperception score is negative in case of underestimation of the norm, and a lower score (indicating more misperception of the norm) will lead to lower substance use (father away from the norm). We also estimate individual-level fixed effects regression in first differences between waves 1 and 2: between wave 1 and wave 2) in response to misperceptions formed in wave 1, while there is less room for the behavior to adjust when it is measured in the same wave as the misperception.
Results
Main results
According to Table 1 , an average adolescent in Wave 1 of our sample overestimated the proportion of friends who drink alcohol at least once a month by 23.4%, overestimated the proportion of friends who smoke at least 1 cigarette a day by 3.7%, and overestimated the proportion of friends who use marijuana at least once a month by 8.2%. Between Waves 1 and 2, the prevalence of drinking at least once a month increased from 15.3% to 18.1%, the prevalence of smoking increased from 24% to 31.9% and the prevalence of marijuana use increased from 12.3% to 14.6% (statistically significantly for all three substances). The actual average substance use among close friends nominated by the respondent is slightly higher than the respondents' own use for each of the substances in wave 1 (statistically significantly for all three substances), possibly because the respondents tend to nominate popular friends who are also heavier users than the average adolescent. Table 2 shows that, compared to females, males have a higher prevalence of use of each substance.
Tables 3, 4 and 5 contain results of estimating equations 1 (lagged model) and 2 (fixed effects model) for the full sample and after stratifying by gender. 8 The estimated effect of misperception is positive and statistically significant in the lagged model, indicating that 0.1 unit increase in the misperception score leads to a 2.68 percentage point increase in the probability of the respondent's drinking. In the fixed effects model, the magnitude of the effect of drinking misperception is lower, suggesting that a 0.1 unit increase in the misperception score leads to a 1.39 percentage point increase in the probability of the respondent's drinking. Interestingly, the effect of misperception about friends' drinking is smaller in magnitude than the effect of the actual prevalence of friends' drinking, as indicated by the coefficient on average friends' drinking (descriptive norm). Panels B and C suggest that the effect of drinking misperception is significant for both genders, and the magnitude of the effect is higher (although not statistically significantly) for males. 8 We have also estimated other lagged model specifications, gradually adding covariates by starting with only misperception score and average friends' substance use, then adding demographic and socio-economic controls, and then adding school fixed effects. These specifications produced similar coefficients on the misperception score for all three substances (results are available upon request).
The pattern of the results for smoking (Table 4) is similar to that for drinking (Table 3) , except the magnitude of the effect of misperception is higher for smoking. In the lagged model, a 0.1 unit increase in the misperception score leads to a 3.13 percentage point increase in the probability of the respondent's smoking. The actual proportion of friends who smoke has a significantly greater effect on the likelihood of respondent's smoking than perceived friends'
smoking in the lagged model. Table 5 suggests that the effect of misperception on marijuana use is approximately the same in magnitude as in the case of smoking. In the lagged model, a 0.1 unit increase in the misperception score leads to a 3.16 percentage point increase in the probability of the respondent's use of marijuana. Just like in the case of alcohol and smoking, the actual descriptive norm has more influence than misperception of the norm. In addition, the size of the effects is larger for males.
9,10
Estimates in the case of overestimation and underestimation of the norm
In order to investigate whether the effect of misperception differs between those who overestimate and underestimate the group norm, we re-estimated the models for those with a misperception score greater than or equal to 0 (overestimation and correct estimation) and for those with a misperception score less than or equal to 0 (underestimation and correct estimation) in wave 1. Table 6 shows that the effect of misperception in the overestimation range of scores is positive in all cases and are higher among males compared to females. The effects of 9 In the case of the fixed effects model, the coefficient on actual friends' substance use was statistically significantly different from the coefficient on misperception only in the case of marijuana. 10 Because perceptions are formed through social learning and learning may be more important at younger ages, we re-estimated the models separately for the younger (12-15) and older (16-18) respondents following an anonymous referee's suggestion. Only the fixed effects model showed a consistently stronger effect of misperception at the younger ages. The results are available upon request.
misperception are strongest for marijuana use, followed by smoking and then drinking. Table 6 also shows that among those who underestimated friends' substance use, the effect of misperception is positive and significant in all cases and generally larger than for those who overestimated substance use.
Discussion
We first referenced how perceptual bias influences substance use in an economic costbenefit framework and then used Add Health data to test the prediction that higher overestimation of the group norm leads to higher individual's substance use. We used , except now we find this to also be true for perceived group norms. In addition, a positive and surprisingly significant effect of higher perception on substance use among those who underestimate the group norm suggests the possibility of a boomerang (or rebound) effect.
Although several interventions have been found to decrease substance among school and college students, the rate of alcohol consumption and other drug use remains high in the U.S.
Our findings suggest an opportunity to reduce substance initiation and subsequent use at the national level by conveying to middle and high school students the message about the true levels of substance use among their peers. Furthermore, our estimates suggest that interventions to change normative perceptions would be more effective when it comes to smoking and marijuana use and also when targeting males.
Our findings also suggest that policy makers should exercise caution and take into account the possibility of an undesirable boomerang (or rebound) effect, where students start using substances more after they realize that others use them more than they thought. For example, a school campaign targeting alcohol consumption might motivate students who previously consumed less alcohol than the norm to consume more now. This is because descriptive norms only provide a standard from which people do not want to deviate, and individuals are likely to strive to adhere to this standard regardless of whether they are currently above or below the norm. For example, given our estimate that a 0.1 unit increase in the misperception score increases the probability of smoking by 4.16 percentage points among those Overall our analysis is extensive, investigating three different substances, all with various econometric specifications, and all variations supporting our conclusions. Thus we believe future research in this area is warranted, particularly determining whether accounting for injunctive norms reduces the influence of underestimating peer norms and ameliorates the boomerang effect in the context of substance use. R-squared 0.234 0.038 Note: Statistical significance * p<0.1, ** p<0.05, *** p<0.01. "ᵝ" indicates statistically significant difference (p<0.05) in coefficients between the misperception score and average friends' behavior. "ᵞ" indicates a statistically significant difference (p<0.05) in coefficients on misperception score between males and females. The dependent variable is the binary indicator variable for having drank alcohol at least once a month in the previous 12 months. All models are estimated using linear regressions. All estimates are weighted using Add Health W2 longitudinal survey weights. Models stratified by gender in panels B and C include all of the covariates from the models in panel A. 
